(19) 




r 

Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



r. 



(12) 



(11) EP 1 120 855 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

01.08.2001 Bulletin 2001/31 

(21) Application number: 01300579.8 

(22) Date of filing: 23.01.2001 



(51) intClJ: HOI Q 1/36, H01Q 7/00, 
H01Q 1/24 



(84) Designated Contracting States: 


(72) 


Inventor: Saito, Yuichiro c/o Sony Corporation 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Shinagawa-ku, Tokyo (JP) 


MC NL PT SE TR 




Designated Extension States: 


(74) 


Representative: NIcholls, Michael John et al 


AL LTLV MK RO SI 




J.A. KEMP & CO. 






14, South Square 


(30) Priority: 25.01.2000 JP 2000016360 




Gray's Inn 


15.05.2000 JP 2000141947 




London WC1R 5JJ (GB) 


(71) Applicant: SONY CORPORATION 






Tokyo (JP) 







(54) Antenna device 

(57) An antenna device which can be housed within 
a small portable radio receiver can be obtained by min- 
iaturizing a small loop antenna. A small antenna device 



is formed by connecting nonlinear first and second con- 
ductors to a grounding conductor and connecting these 
first and second conductors with a third conductor. 
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Description 

[0001] The present invention relates to a miniaturiza- 
tion of a loop antenna, and particularly to an antenna 
device which can be miniaturized by using a grounding s 
conductor. 

[0002] Heretofore, in antenna devices, a miniaturized 
loop antenna is widely used in which, when a physical 
size of a one-wavelength loop antenna element 1 shown 
in FIG. 1 4 of the accompanying drawings is miniaturized io 
without changing an electrical size thereof, as shown in 
FIG. 1 5, a loop antenna element la is miniaturized to a 
half-wavjelength by using a grounding conductor 3. One 
end of this loop antenna element la is used as a short- 
circuit portion 4, and the other end thereof is used as a is 
feed portion 2. The feed portion 2 supplies energy to the 
grounding conductor 3 via the half-wavelength loop an- 
tenna element la and the short-circuit portion 4, whereby 
the length of the loop antenna elment la can be reduced 
substantially to the half physically, 20 
[0003] FIG. 16 shows a specific arrangement of the 
above -described antenna device. As shown in FIG. 16, 
one end of the half-wavelength loop antenna element la 
having substantially U-like shape is connected to the 
feed portion 2 and the short-circuit portion 4 is connect- 25 
ed to the grounding conductor 3. The h a If-wave length 
loop antenna element la having substantially U-like 
shape is made of a linear conductor and is comprised 
of a third conductor 6 made of a linear conductor, formed 
between two conductors 5L and 5R, said two conduc- 30 
tors 5L and 5R being disposed perpendicular to the 
grounding conductor 3. 

[0004] The antenna device described with reference 
to FIG. 16 has the folowing sizes. The length of a linear 
conductor portion 6 becomes 80 mm and the height of 35 
the conductors 5L and 5R become 40 mm even In 800 
MHz band which is available in communication via a 
portable telephone, for example. This antenna device is 
large in physical size when it is used as an internal an- 
tenna device housed in the portable radio receiver or ^0 
the like, for which the trend is towards increasing mini- 
aturization. Hence, this antenna device becomes in- 
creasingly difficult to be incorporated within the housing 
of the portable radio receiver or the like. 
[0005] A PC card 9 conforming to the standards such ^5 
as PCMCIA (Personal Computer Memory Card Interna- 
tional Association) is inserted into a PC card slot 8 of a 
notebook size personal computer (hereinafter referred 
to as a "notebook size PC") when it is in use as shown 
in FIG. 17. The PC card is used in other devices such 50 
as LAN (Local Area Network) and a portable telephone. 
[0006] The PC card 9 includes a radio communication 
antenna portion 10, When radio communication is exe- 
cuted by using the PC card 9, there is employed an ar- 
rangement in which an antenna element 1 is erected 55 
from the antenna portion 10 as shown in FIG. 18 or an 
arrangement in which a meander-like pattern of the an- 
tenna element 1 is formed on the card substrate of the 
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antenna portion 10 by patterning as shown in FIG. 19. 
[0007] However, in the antenna shown in FIG. 1 8, the 
antenna should be erected each time the PC card is in 
use. Moreover, since the antenna is considerably pro- 
jected to the outside when the PC card 9 is inserted into 
the notebook size PC 7, there arise problems that port- 
ability and operability of the notebook size PC 7 will be 
deteriorated. 

[0008] Although the antenna shown in FIG. 1 9 exhib- 
its satisfactory characteristics in a free space, there is a 
drawback that, under the condition that the PC card is 
inserted into the PC card slot 8 of the notebook size PC 
7, the antenna portion is easily affected by the notebook 
size PC 7 and reception sensitivity will be lowered. 
Moreover, since the antenna portion 10 is considerably 
projected to the outside when it is inserted into the note- 
book size PC 7 similarly to the antenna arrangement 
shown in FIG. 18, there arise problems that portability 
and operability of the notebook size PC 7 will be degrad- 
ed. 

[0009] The present invention is made in order to solve 
the above-mentioned problems and is to provide an an- 
tenna device which can be housed into a suitable means 
such as a small mobile communication portable tele- 
phone housing and a PC card by miniaturizing a loop 
antenna element comprising the antenna device. 
[0010] An antenna device according to the present in- 
vention is comprised of a first conductor shaped like a 
nonlinear conductor connected to a feed portion on a 
grounding conductor and which is disposed in the direc- 
tion substantially perpendicular to the plane of the 
grounding conductor, a second conductor shaped like a 
nonlinear conductor connected to a short-circuit portion 
of the grounding conductor and which is disposed in the 
direction substantially perpendicular to the plane of the 
grounding conductor and a third conductor connecting 
the first conductor and the second conductor and which 
is integrally formed in substantially parallel to the 
grounding conductor, wherein the first and second con- 
ductors are shaped like spiral conductors and the third 
conductor is shaped like a meander conductor. 
[001 1] According to the antenna device of the present 
invention, the one-wavelength loop antenna can be min- 
iaturized and can be used in a mobile communication 
portable radio receiver and a PC card. 
[0012] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings in which:- 

FIGS. 1 A and 1 B are perspective views showing an 
antenna device according to an embodiment of the 
present invention and to which reference will be 
made in explaining a principle of the present inven- 
tion; 

FIGS. 2A to 2D are plan views and a schematic per- 
spective view showing an antenna device accord- 
ing to another embodiment of the present invention; 
FIGS. 3A and 3B are perspective views (I) showing 
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an antenna device according to still another embod- 
iment of the present invention; 
FIGS. 4A to 4C are a perspective views (11) showing 
stiti another example of the antenna device accord- 
ing to the present invention; 

FIGS. 5A and 5B are perspective views showing the 
attachment states of antenna devices according to 
the present invention; 

FIGS. 6A and 6B are perspective views (I) showing 
another attachment states of antenna devices ac- 
cording to the present invention; 
FIGS. 7A and 7B are perspective views (II) showing 
another attachment states of antenna devices ac- 
cording to the present invention; 
FIG. 8 is a perspective view (111) showing still anoth- 
. er attachment state of an antenna device according 
to the present invention; 

FIGS. 9A and 98 are perspective views (IV) show- 
ing still another attachment states of antenna devic- 
es according to the present invention; 
FIGS. 10A to 10C are perspective views (V) show- 
ing still another attachment states of the antenna 
devices according to the present invention; 
FIGS. 11 A and 11 B are graphs (I) showing a fre- 
quency versus voltage standing wave ratio (VSWR) 
characteristic of a loop antenna; 
FIGS. 12A and 12B are graphs (II) showing a fre- 
quency versus voltage standing wave ratio (VSWR) 
characteristic of a loop antenna; . 
FIG. 13 is a chart showing antenna radiation gains 
of a loop antenna; 

FIG. 14 is a diagram to which reference will be made 
in explaining a one-wavelength loop antenna ac- 
cording to the prior art; 

FIG. 1 5 is a diagram to which reference will be made 
in explaining a method of miniaturizing a one-wave- 
length loop antenna according to the prior art; 
FIG. 16 is a perspective view of a small loop anten- 
na according to the prior art; 
FIG. 17 is a perspective view to which reference will 
be made in explaining a PC card which is inserted 
into a notebook size PC according to the prior art; 
FIG. 18 is a diagram (I) to which reference will be 
made in explaining an antenna device for use with 
a PC card according to the prior art; and 
FIG. 19 is a diagram (II) to which reference will be 
made in explaining an antenna device for use with 
a PC card according to the prior art. 

[001 3] An embodiment of the antenna device accord- 
ing to the present invention will hereinafter be described 
with reference to the drawings, in which parts corre- 
sponding to those of FIGS. 1 4 to 1 9 are marked with the 
same reference numerals. 

[0014] FIGS. 1 A and 1 B are perspective views show- 
ing antenna devices according to an embodiment of the 
present invention. As shown in FIG. 1 A, 5L and 5R are 
formed as spiral-like conductors of linear conductors 
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such as piano wires and phosphor bronze. First spiral- 
like conductor 5L is electrically connected to the feed 
portion 2 provided on one end of the grounding conduc- 
tor 3. One end of second spiral-like conductor 5R is sol- 
5 dered to the short-circuit portion 4 of the grounding con- 
ductor 3 and thereby held at a ground potential. 
[0015] Between open end sides of the both first and 
second spiral-like conductors 5L, 5R, there is disposed 
a nonlinear (curved) third conductor 6a having a proper 
"io shape such as a meander-like, a comb-like, a sawtooth- 
like and a sine-wave-like shape formed by zigzagging a 
piano wire, a phosphor bronze or the like made of a lin- 
ear conductor. This third conductor 6a is shaped like a 
curved parallel portion substantially parallel to the major 
^5 surface of the grounding conductor 3 and which is wind- 
ing in the direction perpendicular to a line (correspond- 
ing to the third conductorr 6 in FIG. 6) connecting spiral- 
like centers of the first and second conductors 5L and 
5R. FIG. 1 A shows the case in which the third conductor 
is formed as a meander-like shape. The respective ends 
of this third conductor 6a are connected to open ends 
of the first and second conductors 5L and 5R by solder- 
ing or contacting. The first conductor 5L, the third con- 
ductor 6a and the second conductor 5R are integrally 
formed in a U-like shape, the other end of the second 
conductor 5R is grounded to the short-circuit portion 4 
of the grounding conductor, the other end of the first con- 
ductor 5L is connected to the feed portion 2 and power 
is supplied from the feed portion 2 to the short-circuit 
portion 4, thereby resulting in an antenna device 11 be- 
ing formed. 

[0016] In the above-described antenna device, pa- 
rameters for determining the length of the antenna ele- 
ment such as the number of turns of the zigzag of the 
third conductor 6a, the interval of zigzag portions, the 
winding radius, the winding number, the pitch and the 
height of the first and second conductors 5L, 5R may be 
properly determined depending upon available frequen- 
cy bands. 

[0017] Sizes of respective portions of a small loop an- 
tenna of 800 MHz band similar to the conventional an- 
tenna shown in FIG. 16 can be extremely miniaturized 
such that, as shown in FIG. 1 A, the diameter of the spi- 
ral-like portion of the first conductor 5L is 4 mm, the 
height of the first and second conductors 5L, 5R is 6 
mm, the width of the zigzag portion of the third conductor 
6a is 6 mm and the length thereof is 35 mm. 
[001 8] In the antenna device 1 1 having the above-de- 
scribed arrangement, when the respective ends of the 
third conductor 6a and each one end of the first and sec- 
ond conductors 5L, 5R is connected, the third conductor 
6a is disposed along a line connecting the centers of the 
circles of respective bases of the first and second con- 
ductors 5L and 5R. The third conductor is not always 
disposed on the line connecting these centers but may 
be disposed at slightly distant positions and its both 
ends and the open ends of the first and second conduc- 
tors 5L and 5R may be connected by a suitable means 



EP1 120 855 A2 



25 



30 



35 



40 



45 



50 



4 



r 



r 



5 EP 1 

such as conductors. The spiral-like conductors 5L and 
5R may be formed not as dead cores and may be wound 
around dielectric rods erected on the grounding conduc- 
tor 3. 

[001 9] Further, while the feed portion 2 and the short- 
circuit portion 4 of the grounding conductor 3 are dis- 
posed on the same grounding conductor 3 as shown in 
FIG. 1A, these elements need not be formed on the 
same grounding conductor 3. 

[0020] FIG. 1 B shows the case obtained when the 
third conductor 6a Is shaped as a meander-like conduc- 
tor by forming a belt-like or sheet-like conductor such 
as copper foil or copper plate in a zigzag fashion and is 
connected to open ends of the first and second conduc- 
tor 5L and 5R. The rest of the arrangement is the same 
as that of the arrangement shown in FIG. 1 A. 
[0021] FIGS. 2A, 2B, 2C show another arrangement 
of the antenna device according to the present inven- 
tion. The first and second conductors 5L, 5R and the 
third conductor 6a are formed of band-like or sheet-like 
members, the rising portions 5L and 5R and the parallel 
portion 6a are made different in pitch and integrally 
formed as zigzag-like by a suitable means such as press 
and respective ends of the third conductor 6a are bent 
at a right angle in the upper or lower direction as shown 
by dotted lines, thereby shaping substantialy U-shape 
and forming the antenna device 11 . 
[0022] In this case, when solid-circle portions 12 are 
bent in the upper direction of the sheet of drawing and 
cross-mark portions 1 3 are bent in the lower direction of 
the sheet of drawing in order to form the first and second 
conductors 5L, 5R as spiral-like as shown in FIG. 28, it 
becomes possible to form the conductors 5L, 5R as spi- 
ral-like as shown by an arrow A. 

[0023] FIG. 2C is a perspective view showing the ar- 
rangement of the antenna device which is formed by 
bending a linear conductor according to a method sim- 
ilar to those of FIGS. 2A, 28. 

[0024] "a","b","c" in FIG. 2D are plan views showing 
various shapes of nonlinear portions (curved portions) 
other than the meander-like shape (comb-like shape) 
and show shapes that can be modified when the first 
and second conductors 5L and 5R and the third conduc- 
tor 6a are formed integrally as shown in FIG. 2A. "a" in 
FIG. 2D shows the case in which the nonlinear portion 
is shaped like a zigzag portion (triangular portion), "b" 
in FIG. 2D shows the case in which the nonlinear portion 
is shaped like a sawtooth-like portion and "c" in FIG. 2D 
shows the case in which the nonlinear portion is formed 
as a sine-wave-like portion. The present invention will 
be described on the assumption that the nonlinear por- 
tion is shaped like the meander-like portion including "a" 
"b" "c" of FIG. 2D. 

[0025] FIGS. 3A and 38 show still another arrange- 
ment of the antenna device 1 1 according to the present 
invention. FIG. 3A shows the case in which the first and 
second conductors 5L, 5R and the third conductor 6a 
are both integrally formed of a sheet-like conductor or a 
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linear conductor like meander-like portions, embedded 
into a predetermined insulating member 15 within the 
portable radio receiver or attached to or patterned to this 
insulating member 15, pin portions 16, 16 are formed 
5 integrally with the first and second conductors 5L. 5R 
and tip ends of the pin portions 1 6, 1 6 are joined to the 
feed portion 2 and the short-circuit portion 4 of the 
grounding conductor 3. 

[0026] FIGS. 4A to 4C are diagrams showing still an- 

10 other example of the antenna device according to the 
present invention and show the case in which the third 
conductor 6a connected between open ends of the first 
and second conductors 5L and 5R formed of a linear 
conductor described with reference to FIG. 1 A is formed 

15 of a linear conductor as a linear parallel portion. The rest 
of the arrangement is similar to that of FIG. 1 A. 
[0027] In this antenna device 11, the third conductor 
and the first and second conductors can be integrated 
with each other by electrically contaicting the respective 

20 ends of the linear third conductor 6a and each one end 
of the spiral-like first and second conductors 5L, 5R or 
by connecting them by soldering. Moreover, the above- 
described arrangement can be made by the linear con- 
ductor such as a single piano wire or phosphor bronze, 

25 for example. 

[0028] In the above-described antenna device, sizes 
of respective portions obtained in the case of the small 
loop antenna device of 1 .8 GHz band similar to the con- 
ventional loop antenna device described with reference 

30 tcf FIG. 16 can be extremely reduced in such a manner 
that the diameter of the spiral-like portions of the con- 
ductors 5L, 5R is 4 mm, the height of the first and second 
conductors 5L, 5R is 8 mm and the length of the linear 
third conductor is 30 mm. 

35 [0029] FIG. 48 shows the case in which the first and 
second conductors 5L and 5R and the third conductor 
6a are shaped like not linear portions but belt-shaped 
portions and the antenna device 11 having a U-like 
shape can be integrally formed by press -treatment of a 

40 sheet-like conductor such as a phosphor bronze. 

[0030] FIG. 4C shows the case in which the first and 
second conductors 5L and 5R are formed of a linear 
conductor like spiralshaped conductors and respective 
ends of the third conductor 6a that had been pressed as 

^5 the belt-like portion are joined to the open ends of the 
first and second conductors 5L and 5R. 
[0031] The widths of the belt-like conductors shown 
in FIGS. 48 and 4C may be determined based on avail- 
able frequencies of the portable radio receiver using the 

50 antenna device. 

[0032] FIGS. 5A and 58 show arrangements obtained 
when the antenna device 11 having the above-de- 
scribed arrangement Is attached to a substrate 17 of a 
portable radio receiver such as a portable telephone. 

55 FIG. 5A shows the case in which the antenna device 1 1 
is attached to the substrate so as to surround an external 
connector 18 of a portable radio receiver and in which 
each one end of the spiral-like first and second conduc- 
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tors 5L, 5R is joined to the feed portion 2 and the short- 
circuit portion 4 provided on the substrate 17 by solder- 
ing or the spiral-like first and second conductors 5L, 5R 
are brought in contact with the feed portion 2 and the 
short-circuit portion 4 under spring-force thereof. In this 
case, the external connector 18 may be used as a con- 
necting plug such as an external antenna when the port- 
able radio receiver is a portable telephone or the like. 
[0033] FIG. SB shows the case in which the first and 
second conductors 5L and 5R are housed within the ex- 
ternal connector 18 and in which each one end of the 
spiral-like first and second conductors 5L and 5R is 
joined to the feed portion 2 and the short-circuit portion 
4 provided on the substrate 1 7 by soldering, the spiraled 
portions are inserted into through-holes 1 8a and 1 8b de- 
fined on the external connector 18 and the linear third 
conductor 6a is disposed so as to be laid on the external 
connector 18. 

[0034] FIGS. 6A and 6B show a case in which the 
above-described antenna device is fixed to a portable 
radio receiver such as a portable telephone. The anten- 
na device is fixed to the inside of a housing 1 9 by a dou- 
ble-sided adhesive tape or a locking member provided 
on the housing 19 and the antenna device is brought in 
contact with and electrically connected to the feed por- 
tion 2 and the short-circuit portion 4 formed on the sub- 
strate 1 7 by a suitable method such as soldering or con- 
tacting under spring force of the spiral-like portions of 
the conductors 5L and 5R. 

[0035] FIGS. 7A and 78 show another case in which 
the above-described antenna device is fixed to a porta- 
ble radio receiver such as a portable telephone. The me- 
ander-like and linear (rectangullar) third conductor 6a 
formed of the sheet-like conductor is secured to the 
housing by a suitable means such as a double-sided ad- 
hesive tape or hooks provided on the housing 19 of the 
portable radio receiver and the end portions of the third 
conductor 6a are brought in contact with and electrically 
connected to the end portions of the first and second 
conductors 5L, 5R which are secured to the feed portion 
2 and the short-circuit portion 4 of the portable radio re- 
ceiver substrate 17 by a suitable method such as sol- 
dering. 

[0036] Antenna devices shown in FIG. 8 and FIGS. 
9A, 98 and FIGS. 1 0A to 1 0C are those in which antenna 
devices according to the present invention are mounted 
on a PC card 9 for use with the notebook-size PC de- 
scribed with reference to FIGS. 17 to 19. In FIG. 8, the 
radio communication PC card 9 is comprised of a sub- 
strate 9a and the antenna portion 1 0 installed on the side 
opposing the side in which the radio communication PC 
card 9 is inserted into the PC card slot 8. In FIGS. 8 and 
10A, the first and second conductors 5L, 5R formed of 
a linear conductor such as a piano wire and a phosphor 
bronze electrically connected to the short-circuit portion 
4 and the feed portion 2 on the antenna portion 10 by a 
suitable method such as soldering are erected substan- 
tially vertically on the antenna portion 1 0 in a spiral fash- 



ion. The meander-like or linearthird conductor 6a is con- 
nected to the respective ends of these spiral first and 
second conductors 5L, 5R. Reference numeral 23 de- 
notes a transmission line. 

5 [0037] FIGS. 9A, 98 and FIGS. 108, 10C show an- 
tenna devices in which the antenna device 11 including 
the conductors 5L, 5R and the third conductor 6a having 
the U-like shape are disposed within a transmitting and 
receiving antenna housing 22 or the third conductor 6a 

^0 is disposed on the surface of the transmitting and re- 
ceiving antenna housing 22 and the transmitting and re- 
ceiving antenna housing 22 is fixed to the antenna por- 
tion 10 of the PC card 9. With the above-described ar- 
rangement, the transmitting and receiving antenna 

15 housing 22 is fixed to the antenna portion 10, whereby 
the tip ends of the first and second conductors 5L, 5R 
are brought in contact with the short-circuit portion 4 and 
the feed portion 2 and thereby electrically conducted in 
FIG. 9A and FIG. 1 08 and each one end of the first and 

20 second conductors 5L, 5R is brought in contact with the 
respective ends of the third conductor 6a and thereby 
conducted in FIG. 98 and FIG. IOC. 
[0038] According to the method of this arrangement, 
the radio communication transmitting and receiving an- 

25 tenna need not be soldered. Moreover, since the anten- 
na is fixed to the housing, the position of the antenna 
can be prevented from being fluctuated, antenna char- 
acteristics can be stabilized and the antenna device can 
be miniaturized. 

30 [0039] In the antenna devices shown in FIG. 98 and 
FIG. IOC, the third conductor 6a can be patterned on 
the surface or the rear of the transmitting and receiving 
antenna housing 22 by a suitable method such as plat- 
ing. 

35 [0040] Antenna radiation gains of the antenna device 
1 1 of the small loop antenna shown in FIG. 1 A according 
to the present invention having the above-described 800 
MHz band is shown in FIG. 13. With this radiation char- 
acteristics, there can be obtained satisfactory 8-shaped 

40 radiation gains whose horizontal (Har Pal) peak gain is 
OdBi. 

[0041] Further, FIGS. 11 A, 118 and FIGS. 12A, 128 
are Smith charts of the antenna devices 11 shown in 
FIG. 1 A and FIG. 4A and graphs showing frequency ver- 

45 sus voltage standing wave ratio (VSWR) characteris- 
tics. In FIG. 11 , a bandwidth of 76 MHz can be obtained 
when VSWR < 2. In FIG. 12, a bandwidth of 180 MHz 
can be obtained when VSWR < 3, 
[0042] According to the present Invention, one-wave- 

50 length loop antenna can be miniaturized considerably 
and can be used in a portable radio receiver for mobile 
communication which reflects a recent trend in which 
antenna device is miniaturized increasingly and a PC 
card. Moreover, even when this antenna device is in- 

55 serted into the notebook-size PC, antenna characteris- 
tics can be prevented from being deteriorated and ex- 
cellent radio communication quality can be obtained. 
[0043] Having described preferred embodiments of 
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the present invention with reference to the accompany- 
ing drawings, it is to be understood that the present in- 
vention is not limited to the above-mentioned embodi- 
ments and that various changes and modifications can 
be effected therein by one skilled in the art without de- 5 
parting from the spirit or scope of the present invention 
as defined in the appended claims. 
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said short-circuit portion; and 
a third conductor connected between the other 
end of said first conductor and the other end of 
said second conductor. 

8. A portable radio communication PC card device in- 
cluding an antenna device, said antenna device 
comprising: 



Claims 10 

1 . An antenna device comprising: 

a grounding conductor including a feed portion 
and a short-circuit portion; is 
a first conductor.shaped lii<e a nonlinear con- 
ductor, one end of which is connected to said 
feed portion; 

a second conductor, shaped like a nonlinear 
conductor, one end of which is connected to 20 
said short-circuit portion; and 
a third conductor connected between the other 
end of said first conductor and the other end of 
said second conductor. 

25 

2. An antenna device according to claim 1, wherein 
said first and second conductors are shaped like 
spiral conductors and said third conductor is 
shaped like a meander conductor. 

30 

3. An antenna device according to claim 1, wherein 
said first and second conductors are shaped like 
spiral conductors and said third conductor is 
shaped like a linear conductor. 

35 

4. An antenna device according to claim 1, wherein 
said first, second and third conductors are shaped 
like meander conductors. 

5. An antenna device according to claim 1, 2, 3 or 4, 40 
wherein said first, second and third conductors are 
formed of sheet-like and/or wire-like conductors. 

6. An antenna device according to claim 3, wherein 
said first and second conductors are formed of wire- 45 
like conductors and said third conductor Is formed 

of a sheet- like conductor. 

7. A portable radio device, including an antenna de- 
vice, said antenna device comprising: 50 



a grounding conductor including a feed portion 
and a short-circuit portion; 
a first conductor.shaped like a nonlinear con- 
ductor, one end of which is connected to said 
feed portion; 

a second conductor,shaped like a nonlinear 
conductor, one end of which is connected to 
said short-circuit portion; and 
a third conductor connected between the other 
end of said first conductor and the other end of 
said second conductor. 

9. A portable radio device comprising: 

an antenna device including a grounding con- 
ductor having a feed portion and a short-circuit 
portion, a first conductor shaped like a nonlin- 
ear conductor one end of which is connected to 
said feed portion, a second conductor shaped 
like a nonlinear conductor 
one end of which is connected to said short- 
circuit portion and a third conductor connected 
between the other end of said first conductor 
and the other end of said second conductor; 
and 

an external connector for connecting said port- 
able radio device to a predetermined external 
device, wherein said antenna device is dis- 
posed so as to surround the outside of said ex- 
ternal connector. 

1 0. A portable radio device according to claim 9, where- 
in said first and second conductors are integrally 
formed with said external connector of said portable 
radio device 

11. A portable radio device according to claim 8, 9 or 
10, wherein said portable radio device is one of: a 
receiver; a transmitter; and a receiver and transmit- 
ter. 



a grounding conductor including a feed portion 
and a short-circuit portion; 
a first conductor, shaped like a nonlinear con- 
ductor, one end of which is connected to said 55 
feed portion; 

a second conductor, shaped like a nonlinear 
conductor, one end of which is connected to 
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